The gold-rich indide Eu 5 Au 17.7 In 4.3 was synthesized from the elements in a sealed tantalum ampoule that was heated in a high-frequency furnace. 
Introduction
The Eu-Au-X (X = Al, Ga, In, Tl, Si, Ge, Sn, Pb, P, As, Sb, Bi) systems have intensively been studied in the last twenty years with respect to phase formation and physical properties. The simplest composition, observed in almost all Eu-Au-X phase diagrams, concerns the equiatomic compounds EuAuX. The crystal chemical details and the physical properties of these compounds are summarized in a review article [1] . The structural chemistry and the magnetic properties are goverened by a stable 4 f 7 Eu II ground state and in some cases additionally by Au-Au d 10 -d 10 interactions or even by extended Au-Au bonding. To give some examples, secondary Au-Au interactions are the driving force for superstructure formation of EuAuGe (316 pm) [2] and EuAuSn (334 -335 pm) [3] , while Au-Au zig-zag chains (279 pm) occur in EuAu 3 In 3 [4] .
Most of the divalent europium compounds show magnetic ordering at low temperature, e. g. 5.8 K for Eu 2 Au 2 Sn 5 [5] or 21 K for EuAuIn [6] . Also EuAu 2 -Si 2 [7] with the ThCr 2 Si 2 -type structure contains stac 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ble divalent europium, but the systems tends to valence instabilities in the solid solution Eu(Pd 1−x Au x ) 2 -Si 2 [8, 9] , similar to EuPd 1−x Au x As [10] .
The Eu-Au-X system with the largest number of ternary phases concerns X = In. The structures of equiatomic EuAuIn [6] , Eu 2 Au 3 In 4 [11] and EuAuIn 2 [12] are built up from complex threedimensional gold indium polyanionic networks in which the europium atoms fill larger cavities. The polyanionic networks show strong covalent Au-In besides In-In bonding in the indium-richer phases Eu 2 -Au 3 In 4 and EuAuIn 2 . So far, Au-Au bonding was only observed within the zig-zag chains of EuAu 3 -In 3 [4] . Since Eu 2+ (112 pm) and Sr 2+ (127 pm) have comparable ionic radii [13] , and keeping the peculiar crystal structures of the gold-rich phases SrAu 4.76 In 1.24 [14] and Sr 5 Au 13.5 In 8.5 [15] in mind, we were interested also in the gold-rich part of the Eu-Au-In system. Herein we report on the synthesis and structure of the indide Eu 5 Au 17.7 In 4.3 , which crystallizes with its own structure type, but shows distinct similarities with the SrAu 4.76 In 1.24 [14] structure.
Experimental Section

Synthesis
Starting materials for the syntheses of Eu 5 Au 17.7 In 4.3 were ingots of sublimed europium (Johnson Matthey), pieces of a gold bar (Heraeus), and indium ingots (Johnson Matthey), all with stated purities better than 99.9 %. The airand moisture-sensitive europium ingots were kept under argon prior to the reaction. The argon was purified before with titanium sponge (870 K), silica gel and molecular sieves. The elements were weighed in the atomic ratio 1 : 4 : 1 and arcwelded [16] in a small tantalum ampoule. The tantalum tube was subsequently placed in the water-cooled sample chamber of an induction furnace [17] (Hüttinger Elektronik, Freiburg, Germany, Typ TIG 2.5/300) under flowing argon and first annealed at 1500 K for about one minute. Finally, the sample was cooled to 900 K within four hours and kept at that temperature for another 4 h, followed by switching off the power supply. The temperature was controlled by a Sensor Therm Methis MS09 pyrometer with an accuracy of ±30 K. No reaction with the crucible materials was evident. The compact and polycrystalline sample is stable in air for weeks. Small single-crystals exhibit metallic luster while ground powders are light grey.
EDX data
The Eu 5 Au 17.7 In 4.3 crystal studied on the diffractometer was investigated by semiquantitative EDX analyses by use of a Zeiss EVO MA10 scanning electron microscope (variable pressure mode) with EuF 3 , Au, and InAs as standards. The experimentally observed composition (17 ± 2 at.-% Eu : 67±2 at.-% Au : 16±2 at.-% In) was close to the one (18.5 : 65.6 : 15.9) refined from the single-crystal diffraction data. No impurity elements were found.
X-Ray diffraction
The polycrystalline Eu 5 Au 17.7 In 4.3 sample was characterized by a Guinier powder pattern using CuKα 1 radiation and α-quartz (a = 491.30 and c = 540.46 pm) as the internal standard. The Guinier camera was equipped with an imaging plate detector, coupled with a Fujifilm BAS-1800 readout system. The monoclinic lattice parameters (Table 1) were refined from the Guinier powder data with a standard leastsquares routine. The correct assignment of the hkl indices was ensured by an intensity calculation [18] using the atomic positions from the structure refinement.
Small block-shaped single-crystals of Eu 5 Au 17.7 In 4.3 were selected from the mechanically crushed sample prepared in the high-frequency furnace. The crystals were glued to small quartz fibers using bees wax, and their quality was tested by Laue photographs on a Buerger camera (white Mo radiation). Intensity data of a good-quality crystal were col- lected at r. t. on a four-circle diffractometer (CAD4) with graphite-monochromatized MoK α radiation and a scintillation counter with pulse height discrimination. Scans were taken in the ω/2θ mode. A numerical absorption correction was applied to the data set. All relevant details concerning the data collection and evaluation are listed in Table 1 .
Structure determination and refinement
The diffractometer data set showed a C-centered monoclinic lattice and no further systematic extinctions, leading to the possible space groups C2, Cm, and C2/m, of which the centrosymmetric group was found to be correct during structure refinement. The starting atomic parameters were determined via direct methods with SHELXS-97 [19] , and the structure was refined using SHELXL-97 [20] (full-matrix least-squares on F 2 ) with anisotropic atomic displacement parameters for all atoms. During the refinement procedure, two sites could not reliably be assigned to gold or indium, indicating Au/In mixing, similar to the recently reported structures of SrAu 4.76 In 1.24 [14] and Sr 5 Au 13.5 In 8.5 [15] . In the subsequent cycles, the Au/In mixing was refined as a leastsquares variable, leading to the composition Eu 5 Au 17.7 In 4.3 for the investigated crystal. All other sites were fully occupied within two standard deviations. The final difference Fourier synthesis was flat ( Table 1 ). The positional parameters and interatomic distances are listed in Tables 2 and 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247- [23] and EuAu 5 [23] are drawn for comparison (top). The europium coordination within the BaLi 4 -related slab (see Fig. 3 ) is compared to binary EuAu 2 [22, 23] .
site symmetry. The Eu-Au distances range from 310 to 339 pm, close to the sum of the covalent radii [13] of 319 pm. Also in EuAuIn [6] (317 -334 pm), EuAuIn 2 [12] (317 -332 pm), Eu 2 Au 3 In 4 [11] (305 -351 pm), and EuAu 3 In 3 [4] (334 -338 pm) the europium sites have gold atoms as closest neighbors, since the Pauling electronegativity [13] of gold (2.54) is significantly higher than that of indium (1.78). The Eu1 (478 pm Eu1-Eu3) and Eu2 (546 pm Eu2-Eu1) atoms have no close Eu-Eu contacts. The corresponding distances are significantly longer than in the structure of bcc europium (397 pm Eu-Eu) [21] . The Eu3 atoms have a slightly higher coordination number with twelve gold, one indium, and two europium atoms in their coordination shell. The twelve gold neigbors form a distorted hexagonal prism which is somehow opened at the side where the indium atom is coordinating. The two europium neigbors are capping the slightly distorted Au 6 hexagons, leading to -Eu3-Eu3-Eu3-chains. In Fig. 2 we have outlined three successive Eu3 polyhedra, which are condensed via common Au 6 hexagons. This cutout of the Eu 5 -Au 17.7 In 4.3 structure is almost similar to binary EuAu 2 [22, 23] with an orthorhombic KHg 2 -type structure and with similar Eu-Eu distances within the chains.
The Au1 and Au2 atoms have coordination number 11 in a very similar manner. They have eight Au, mixed occupied Au/In, and In neighbors besides three coordinating europium atoms. At first sight, the coordination of Au4 seems to be similar, however, the coordination number is reduced to ten. The Au3 atoms have the most irregular coordination in the Eu 5 Au 17.7 -In 4.3 structure with four gold, one indium, and five europium atoms in their coordination shell.
The mixed-occupied sites Au5/In3 and In2/Au6 both have coordination number 10. Eight gold neighbors coordinate to these sites in the form of truncated pyramids (distorted cubes) which are capped by indium atoms or the mixed-occupied site. A similar coordination geometry is observed for the indium atoms; however, one capping atom is now europium.
At first sight, the large unit cell and the structure with comparatively low symmetry look quite complex, but one can explain the structure with smaller building units. As emphasized in Fig. 2 , we can divide the Eu 5 Au 17.7 In 4.3 structure into two different building units. In the middle of the unit cell we observe the motif of distorted hexagonal Au 6 prisms which are penetrated by the europium zig-zag chains as discussed above. These structural slabs alternate with slabs containing units of edge-sharing gold tetrahedra. The latter are charge-balanced and separated by further europium atoms. Such Au 4 tetrahedra have also been observed in the structures of K 4 Au 7 Ge 2 [24] and EuAu 5 [23] (Fig. 2) .
The Au-Au distances within the gold substructure vary between 278 and 300 pm. They are comparable to that in the Au-Au zig-zag chains in EuAu 3 - [14] and BaLi 4 [25] . The europium (alkaline earth), gold (lithium) and indium atoms are drawn as medium grey, black filled and open circles, respectively. Related structural slabs are shaded. For details see text. Mixed occupied sites are drawn with segments.
In 3 (279 pm) [4] and fcc gold (288 pm Au-Au) [21] , and one can therefore assume significant bonding. The Au-In distances range from 283 to 309 pm. The shorter ones compare well with the sum of the covalent radii [13] of 284 pm, and they are in a range similar to those of the other europium gold indides [4, 6, 11, 12] .
In Fig. 3 [14] structures. Due to the high gold content, both structures display a variety of Au-Au interactions, and one can emphasize a tesselation of different Au 6 hexagons. Only elongated hexagons occur in the SrAu 4.76 In 1.24 [14] (Fig. 3) . In the case of ternary indides, a BaLi 4 -related structure has been observed for the ordered indide Ca 3 Ni 8 In 4 [26] , a non-centrosymmetric superstructure variant with Lu 3 Co 7.77 Sn 4 -type structure [27] .
Finally we comment on the europium valence in the Eu 5 Au 17.7 In 4.3 structure. Since we have not obtained a completely X-ray-pure sample, we could not reliably determine the europium valence via magnetic susceptibility measurements or 151 Eu Mössbauer spectroscopy. However, the comparison of the europium coordinations and the Eu-Au / Eu-In distances with the data of the compounds EuAu 3 In 3 [4] , EuAuIn [6] , Eu 2 Au 3 -In 4 [11] , and EuAuIn 2 [12] with divalent europium, and the structural slabs that occur in these compounds undoubtedly point to divalent europium also in Eu 5 -Au 17.7 In 4.3 .
